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The use of Unmanned Aerial Vehicles (UAVs) to carry out photogrammetric surveys for topographical 
survey applications has rapidly increased in recent years.  The accuracies associated with this technique 
are still however relatively unknown.  Through a literature review and attendance at USQ’s Project 
Conference 2018, it appears there is a knowledge gap regarding the accuracies associated with the 
survey technique for different terrain surfaces.  Further to this, the perception of UAV accuracies in 
engineering, construction, project management and GIS industries is particularly misguided with many 
overestimating the suitability of UAVs. 
 
This project has verified the suitability and accuracies associated with a low-cost UAV surveying 
application, specifically a topographic survey.  This project carried out two surveys over two distinctly 
different sites which have varying site conditions for example hard surfaces, vegetation and areas with 
minimal contrast, i.e. sand, bitumen, gravel etc.  The two surveys are a conventional topographic survey 
using the latest in robotic total stations and a low-cost UAV photogrammetry survey. 
 
Data has been captured using best practices both from published standards and literature reviewed case 
studies.  Analysis of the two surveys involved a comparison of the data quality and deliverables from 
the UAV survey against the conventional survey.  Analysis included points from the conventional 
survey to the surface created by the UAV as well as a volumetric calculation.  
 
To assess the suitability of UAVs for surveying applications this project carried out a 
questionnaire/interview with industry professionals, (engineers, project managers, civil contractors, 
surveyors etc.) to assess their views on UAV suitability.  Participants were asked to record their 
perceived accuracies of a UAV topographic survey for various surfaces before the findings of this 
project were presented.  The industry professionals were also were asked to comment on the suitability 
of a UAV survey following my findings being presented.  
 
In conclusion this project through analysis of data and deliverables and feedback from industry 
professionals has concluded that a low-cost UAV’s results for difference surfaces are varied in 
accuracies.  As a result, the suitability of a low-cost UAV’s for surveying applications is limited to the 
particular application, accuracies required and the particular ground conditions of each site required to 
be surveyed. 
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GSD  Ground Sampling Distance 
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WGS’84 World Geodetic System 1984   
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Over the past few years the prevalence of UAVs carrying out topographical surveys in the spatial 
industry has rapidly increased with most larger surveying firms having purchased a UAV as well as 
non-survey professionals.  From a leading software company in photogrammetry, ‘Generate accurate 
2D and 3D data from drone images and produce survey-grade deliverables’ Pix4D (2018).  Software 
companies such as Pix4D use 2D images taken from UAVs and output geo-referenced orthomosaics, 
Digital Surface Models, Digital Terrain Models, Digital Elevation Models, point clouds, textured 3D 
models and simplified CAD models.  All major surveying distributors are selling UAVs for surveying 
applications.  There are multiple businesses whom are operating solely as UAV aerial mapping 
providers, these providers often have no background in engineering or surveying. 
 
As a practicing surveyor and a director of a small surveying firm we are also looking at purchasing a 
low-cost UAV to keep up with the latest technologies.  The application of UAVs in the industry is well 
publicised however the accuracies of photogrammetric measurements and ideal measuring techniques 
are still relatively unknown. This project will verify the suitability and accuracies associated with a 
low-cost UAV topographic survey.   
 
 
1.2 Background and Idea Development 
 
My literature scan noted that research into the accuracies was minimal, 10 projects in the northern 
hemisphere and two student dissertations from USQ were reviewed.  With this being said, UAVs have 
become the latest buzz word in the industry, there were six USQ final year projects in 2018 using UAVs 
that I watched presentation on, all of these project however have not been made available.  After 
watching these student presentations as part of ENG3902, I still feel there was a gap in knowledge as 
to the accuracies of a UAV survey compared to conventional methods under different circumstances, 
for example hard surfaces, vegetation and areas with minimal contrast, i.e. sand, gravel, bitumen, 
concrete or tailings. 
 
Additionally, through my workplace I believe that the industry understanding around the suitability of 
UAVs for topographical surveys is not well understood.  Having completed a preliminary literature 
review and analysed a number of methodologies and accuracy findings, I have significant questions 
into the suitability of this technique.  I’m particularly interested in completing a questionnaire/interview 
with industry professionals, (engineers, project managers, civil contractors and town planners) to assess 
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their views on UAV suitability.  These industry professionals are the end users of a UAV surveys 
therefore their thoughts on accuracies is a true indication of suitability.  In my questionnaire/interview 
with professionals selected I ask participants to record their perceived accuracies of a UAV topographic 
survey for various surfaces before presenting my findings to them.   Their responses assist with my 
decision on the suitability of into low-cost UAV surveying application. 
 
 
1.3 Aims, Objectives and Scope 
 
The aim of this project is to verify the suitability and accuracies associated with a low-cost UAV 
surveying application, specifically a topographic survey.  The project involves carrying out two 
methods of survey over two sites which have varying site conditions for example hard surfaces, 
vegetation and areas with minimal contrast, i.e. sand, bitumen, concrete, gravel etc.   
 
The first method of survey is a conventional survey using industry best practices with a robotic total 
station.  This method is the current standard in the surveying industry for topographical surveys for 
capturing of site features as described above.  This method ensures accurate capture of ground features 
and surfaces spatially.  The second method of survey is by a UAV utilising photogrammetric 
techniques.  Both surveys are corrected to established site survey control points to allow for accurate 
comparisons of features and surfaces. 
 
To refine the aim, the below objectives have been developed: 
• To carry out a conventional survey over the site to obtain a base layer for comparison. 
• To carry out a UAV survey over the same site area for comparison. 
• To compare the results of the two surveys; comparisons in the surfaces and individual point 
comparison from the conventional survey against the UAV surface.   
• Obtain through a questionnaire/interview of industry professionals their perceived accuracies 
of a UAV topographic survey and after presenting my findings their thoughts on the 
suitability.  This process aids my analysis of the suitability of a low-cost UAV in surveying 
applications. 
 
The proposed scope is limited to two individual environments, firstly a section of beach foreshore 
approximating 120 meters long by 80m wide and secondly a section of a quarry site containing an 
area of approximately 115 meters by 120 meters.  Further to this the project sites have been selected 
due to the types of terrain and ground features, i.e. sandy beach, vegetation coverage, road surface, a 
stockpile, and flat areas with low colour contrast.   
 





The site selected for one of the surveys required access approval from its owners which imposes 
limitations on site selection.  Site locations selected are a beach foreshore with adjoining quiet street 
and a privately owned quarry site.  The quarry owner is an existing client and confirmation of site access 
was confirmed before carry out the project. 
 
There are limitations surrounding the use of a UAV, in particular the Australian Civil Aviation Safety 
Authority (CASA).  CASA imposes rules and regulations on flying drones which have been abided by 
for this project.  There are rules and regulations for flying height, proximity to people and or buildings, 
weight categories, visual line-of sight and airfield restrictions, Civil Aviation Safety Authority (2018). 
 
 
1.5 Outcomes and Benefits 
 
This project delivers tangible results which assists with determining the suitability of a low-cost UAV 
for surveying applications.  Comparisons between the two surveys, with the aid of civil software 
analysis, provides direct height differences in millimetres between the observed points of the 
conventional survey and the point cloud survey from the UAV.  Additionally, a heat map aids in the 
analysis process between the two surveyed surfaces. 
 
Benefits of this project are the findings into the accuracies of various surfaces observed by the low-
cost UAV survey.  The resulting accuracies help to determine the suitability of the technique. 
 
The questionnaire/interview of industry professionals also assist in determining the suitability of a 
low-cost UAV for surveying applications.  The industry professionals are the ultimate end user of the 
survey deliverables, therefore their thoughts on accuracies and deliverables are essential to 
determining if low-cost UAVs are suitable or not. 
 
1.6 Conclusion  
 
The following chapters explore the literature around the requirements of the two surveys, the 
methodology and results of the project.  Chapter five analysis and discussed the comparisons between 
the two surveys before concluding on the suitability of a low-cost UAV for surveying applications  
Chapter six provides the conclusion of this project. 
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This literature review focuses on a brief overview of UAVs before a review of relatable projects.  The 
literature review highlights the surveying applications of previous projects, their model comparison 
techniques and the findings in accuracies with a UAV topographical survey.  The review also briefly 
looks at conventional surveying techniques and their required standards. 
 
The literature review revealed a wide variety of related UAV projects/case studies from right across the 
world.  The literature case studies vary in the types of UAV aircraft, the accuracy of ground control 
used, scope of the survey, the locations of survey and the way data was analysed.  This review is a very 
brief overview of the most relatable projects keeping in mind that the details in the literature contain 
quite detailed methodologies and result analysis.  It is also noted that there is significant number of 
dissertations at USQ from 2018 which have not been able to be obtained. 
 
2.2 Introduction to UAVs 
 
An Unmanned Aerial Vehicle (UAV) is essentially an aircraft without a pilot on board.  They are flown 
remotely from a pilot on the ground and can fly autonomously based on pre-programmed flight plans, 
(The UAV, 2018).  UAVs range in types of vehicles from Multi-Rotor, Fixed-Wing, Single-Rotor or 
Fixed-Wing Hybrid, (Australian UAV, 2017).  
         
Figure 1: Multi Rotor Phantom 4 - Source: DJI (2018) 
Figure 2:  Fixed-Wing eBee - Source: RoboHub (2018) 
UAVs are equipped with cameras which, with certain parameters established, capture overlapping 
images of an object or site from different positions.  Photogrammetry is the 3-dimensional coordinate 
measuring technique that takes the 2D images and triangulates common points located in each image, 
(GIS Lounge, 2015).  There are a number of software programs on the market that streamline this 
process, Pix4D and Agisoft are currently the market leaders. 
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There are different types of add-ons available to enhance the capabilities of a UAV, these include on-
board GPS and or LiDAR technologies.  GPS technology techniques provide real-time corrections to 
the photos locations at the moment an image is captured on a UAV, (Identified Technologies, 2018).  
LiDAR stands for Light Detection and Ranging which is a technology that uses laser beams which are 
pulsed at the ground, the time it takes for the light to return is recorded as a measurement, 
(Geoawesomeness, 2018).  The additional add-ons significantly increase the cost of a UAV surveying 
platform and therefore fall outside the scope of this project. 
 
This project being the suitability of low-cost UAVs in surveying applications utilises a Phantom 4 RTK 
($7,490) which is a Multi-Rotor UAV with a 1-inch 20-megapixel sensor, (DJI, 2018).   
 
 
2.3 UAV Photogrammetric measurement surveying applications 
 
The use of UAVs in surveying applications are rapidly increasing, the following is a quick review of 
similar projects/studies to that of this research proposal. 
 
A study at a Slovakian surface mine by KRŠÁK et al. (2017) carried out a low-cost UAV 
photogrammetry 3D model survey with a Phantom 2 UAV.  The survey was compared to ground control 
which was established with a total station by conventional methods.  The research concludes that the 
survey carried out meets the required accuracies of the national legislation in the country. 
 
Smeaton (2015) carried out a UAV survey over a sub-division which was under construction, he 
compared the accuracy, precisions and limitations of a UAV survey against a survey by a traditional 
total station using conventional methods.  A high-cost fixed wing eBee UAV was utilised with an 
onboard RTK system.  The dissertation compared the two types of surfaces for accuracy and reported 
on several advantages and disadvantages of using a UAV for survey applications.  Smeaton concluded 
that a Topographic Survey and Volumetric Survey are appropriate surveying applications for a fixed 
wing high cost UAV survey. 
 
 
Udin, W. S. & Ahmad, A. (2014) carried out a low-cost UAV survey over a 200m section of steam 
(open drain).  The study used a Y6 UAV which is a light weight Multi Rotor UAV.  The aim of their 
study was to compare surveys from different UAV capture heights, (40, 60, 80 and 100m).  Ground 
points were established by conventional methods using a total station.  The accuracies of the 
photogrammetric outputs were analysed against the ground control for the varying heights.  The 
conference paper concluded that there were relatively small differences for the varying heights however 
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the lower the images the smaller the vertical error.  Udin and Ahmad believe that the low-cost UAV 
survey is suitable for large scale stream mapping. 
 
2.4 Photogrammetric Measurements 
 
Photogrammetry (commenced 1851) is the art and science application of technology for obtaining 
accurate spatial, temporal and physical information about the environment through the process of 
recording, measuring and interpreting electromagnetic radiant created photographic imagery 
(SYV3203 Photogrammetry and Remote Sensing - Study Book, 2012).   
 
The science of photogrammetry is used to obtain accurate measurements by using a pair of overlapping 
photographs to form a three-dimensional model (stereoscopic model).  With todays technology 
computer software packages use mathematical algorithms photographs are converted into mathematical 
3-D computer models which can generate Digital Elevation Models (DEMs) and digital orthophotos.  
These models can be further interpreted, measured and delineated a high degree of interpretability 
(SYV3203 Photogrammetry and Remote Sensing - Study Book, 2012).   
 
The below figure shows a DEM from a UAV survey.  This image clearly shows the varying topography 
of the site.  Varies measurements can be extracted from this model, for example a volume of a particular 
stockpile of material. 
 
 
Figure 3:  DEM image - Source: Benchmark Surveys (2017) 
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2.5 Flight Planning for UAV project 
 
There are many aspect of Flight Planning for a UAV project to consider this includes; rules and 
regulations, weather, image overlap, flying height, flight path planning, ground control requirements 
and battery life. 
 
Figure 4 outlines the Australian Governments Civil Aviation’s Safety Authority (CASA)’s rules 
associated with flying a UAV recreationally is Australia.  To assist with determining sites which are 
safe to CASA has developed a phone app, “Can I Fly There” which positions the user on a map and 
determines if the user is within 5.5km of a controlled aerodrome.  The app which is operated by “Drone 
Complier” reflects the standard operating conditions for users (under the excluded category of 
operations) and also acts as an educational and situational awareness tool for users, (CASA 2019).  
Figure 5 shows two screen shots, from the app, for one of the sites of this project.  The left figure shows 
the project site and the second some info on the suitability of the site for flying a drone.  The app also 
shows weather conditions which are important for flying a drone. 
 
 
Figure 4: Rules for Flying drones or model aircraft recreationally - Source: Civil Aviation Safety 
Authority (2019) 
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Figure 5: Drone Complier App Screen Shots of project site 
To obtain 3-dimensional models overlapping images are required to view the images stereoscopically, 
therefore the images must have greater than 50% image overlap.  These photos are taken at regular 
predetermined flight planned intervals along strips across the site.  These strips are spaced at 
predetermined distances apart for the side-lap of the image to be maintained (SYV3203 
Photogrammetry and Remote Sensing - Study Book, 2012).  Generally, a forward overlap of 55%-65% 
and a lateral (or side) overlap of 15-30% is required. 
 
Another step for flight planning a UAV survey is to calculate the required UAV flying height.  This is 
further detailed in Section 2.6 – UAV Flying Height. 
 
To assist with UAV photogrammetry capture UAV suppliers have developed apps which allow for the 
site to be mapped correctly.  FlightHub which is DJI’s mission planning app generates efficient flight 
paths from parameters that the uses sets.  The aircraft then uses this route information to capture the 
required images (DJI 2019). 
 
Another important step for flight planning a UAV survey is the installation of ground control.  This is 
further detailed in Section 2.7 – UAV Ground Control Requirements. 
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2.6 UAV Flying Height 
 
The ground sampling distance (GSD) simply is the ground distance between the centre of two pixels in 
an image (Pix4D 2019).  Therefore, a GSD of five centimetres means that pixel measures five 
centimetres on the ground and covers twenty-five square centimetres.  There are several factors that 
affect the quality of the GSD in a UAV survey such as camera specifications, changes in terrain, 
changes in camera angle and most importantly the height that the image is taken from.  The lower the 
flight the more detailed the image pixels will be. 
 
 
Figure 6: What is accuracy in an aerial mapping project? – GSD Example (Pix4D 2019) 
 
The image on the left of Figure 6 has a GSD of 5cm, and the image on the right of Figure 6 has a GSD 
of 30cm.  
 
When considering the projects accuracies, it is a requirement to determine the desired GSD which will 
define the flight height of the UAV, this is discussed further in Section 2.7.  The required height depends 
on the relationship between the image width, camera focal length and the sensor width. 
 
Flying height formula: H[m] = (ImW * GSD * F) / (SW * 100). The below figure shows each element 
of this formula. 
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Figure 7: What is accuracy in an aerial mapping project? – Flying height formula (Pix4D 2019). 
 
2.7 UAV Ground Control Requirements 
 
A ground control point (GCP) is a point which has a known coordinate within the area being surveyed.  
They are used to position the UAV survey to a known coordinate system which allows other data sets 
to aligned with the survey, for example The Digital Cadastral Database.  The GCP’s require specific 
object positional coordinates of known X, Y and Z values, this is achieved by traditional surveying 
methods.  These points are imported into the photogrammetry software package where they are 
manually located in the UAV images.  The UAV survey is then shifted, oriented and scaled to the 
coordinates of the known GCP’s. 
 
A suitable ground control point requires good colour contrast to the ground/background of the image 
and the target size is suitable to the GSD of the image (SVY3202, 2012).  The target also needs to be 
placed in a location which is in full sunlight at the time of image capture and is clear of obstacles to an 
angle of elevations that does not exceed 35 degrees (SVY3202, 2012). 
 
Smeaton (2015), Udin, W. S. & Ahmad, A. (2014) & Udin, W. S. & Ahmad, A. (2014) literature 
reviews all utilise a total station to establish ground control points that the photogrammetry software 
uses to tie the images to the site coordinates.  By using a total station and conventional techniques the 
ground control points are coordinated the most accurate way possible.   
 
There are several other sources of literature which carry out UAV surveys however the ground control 
marks are coordinated by GPS systems which increases the coordinates positional uncertainty.  The 
following is a list of literature that utilise GPS ground control points: 
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➢ (Eling, et al. 2015) ‘Development and evaluation of a UAV based mapping system for remote 
sensing and surveying applications'.  This case study on an open flat field used a low-cost UAV 
survey with GPS ground control found accuracies of less than 50mm in the vertical which was 
deemed appropriate. 
➢ (Gini, et al. 2013) ‘UAV photogrammetry: Block triangulation comparisons’.  International 
Archives of the Photogrammetry. This case study on an open field used a low-cost fixed wing 
UAV survey with GPS ground control and used 4 different photogrammetry software 
programs which varied in vertical accuracies of 36mm-214mm. 
➢ (Tong, et al. 2015) ‘Integration of UAV-based photogrammetry and terrestrial laser scanning 
for the three-dimensional mapping and monitoring of open-pit mine areas’.  This case study 
used a low-cost UAV with GPS ground control and compared surfaces from a terrestrial laser 
scan.  Accuracies achieved were less than 100mm. 
➢ (Metcalf 2013) ‘Evaluation of Remotely Piloted Aircraft in Surveying Applications’ this 
USQ’s undergraduate case study was on an open cut coal mine which also compared surfaces 
from a terrestrial laser scan with GPS ground control. Metcalf found accuracies of less than 
50mm in the vertical which was deemed appropriate for coal stockpile surveys. 
 
These sources of literature although they use less accurate ground control points to control the survey, 
they are still useful sources of literature in terms of model comparisons and accuracies found under 




2.8 UAV Specifications and Expected Accuracies 
 
Pix4D, outline that generally a project that has been correctly reconstructed has a relative accuracy 
between one to three times the ground sampling distance (GSD).  A relative accuracy is the accuracy 
of features within the reconstruction compared to the actual feature.  Pix4D also outline that the absolute 
accuracy of a project that is correctly reconstructed is one to two times the GSD horizontally in the X 
and Y axis and one to three times the GSD vertically in the Z axis (Pix4D 2019).  This means that the 
better the GSD the better the relative and absolute accuracies of the project becomes. 
 
Drone Deploy carried out a study with a Phantom 4 RTK to determine elevation and linear measurement 
accuracies of the system against a traditional GPS based capture.  Their study found that with GCP’s 
with survey accuracies of GNSS positioned quality marks achieved 33mm relative vertical accuracy 
and 20mm horizontal accuracies from 30 individual flights (DroneDeploy 2019). 
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2.9 Robotic Total Station Specifications and Expected Accuracies 
 
The robotic total station which is used for the conventional survey is a Trimble S7.  The data sheet for 
the instrument is attached, refer to Appendix D.  The below figure is an extract from the data sheet that 
shows the specifications and expected accuracies of the Trimble S7 instrument.  The instrument is a 3” 
for angle measurements, 2mm + 2ppm for standard control observations and 4mm + 2ppm for data 
collection observations (Trimble 2019). 
 
Figure 8: Trible S7 Data Sheet (Trimble 2019) 
 
 
2.10 Model Comparisons and Accuracy Findings 
 
From the literature review undertaken there are a number of model comparison methods undertaken, 
these include Ground Control Point (GCP) comparisons, feature point comparisons, volume 
comparisons, model comparisons through contour overlays and heat maps showing the difference in 
vertical heights between two surfaces.   
 
Smeaton (2015) compared the high-cost on-board GPS UAV survey to his conventional survey by 
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Table 1: Ground Control Points – Pix4D Quality Report (Smeaton 2015) 
 
 
Further to these ground control point checks he analysed 20 comparable points within the survey.  His 
results showed spreads of 36mm in horizontal location and 150mm in vertical.  Smeaton concluded that 
the UAV survey could provide highly precise data with accuracies of  19mm for horizontal and 52mm 
for vertical.  This project also compared the volumes of a stockpile between the two methods of survey, 
the UAV survey was 105% greater than the conventional survey. 
 
Udin, W. S. & Ahmad, A. (2014) whom carried out a low-cost UAV survey with total station control 
points compared the accuracies of ten check points at the four different flying heights.  They did not 
have an alternative survey to compare surfaces.  The below image shows the accuracies of the check 
points. 
 
Table 2: Root-mean-square error (RMSE) on 10 check points at varying flying altitudes (Udin, W. S. 




Tong, et al. 2015, case study was a survey of three open pit mines they had two surfaces to compare, a 
terrestrial laser scan and a low-cost UAV both surveys contained GPS ground control points.  Firstly, 
the laser scans accuracy was compared to the ground control points with RMSE residuals of 34mm in 
X, 10mm in Y and 37mm in the vertical.  Secondly the accuracies of the UAV ground control points 
were compared, the below table shows the results. 
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Metcalf (2013) carried out a high-cost UAV survey with GPS ground control also in an open pit mine.  
He analysed the results of the UAVs ground control accuracies, the below table shows the results. 
 





Metcalf (2013), also showed the model comparison in the vertical cross sections of a coal stockpile.  
The red line shown in Figure 9 is the surface from the terrestrial laser scanner and the blue is from the 
high-cost UAV.  This project also compared the volumes of a stockpile between the two methods of 
survey, the UAV survey was 102% greater than the terrestrial laser scan. 




Figure 9: Stockpile Cross Section Profile (Metcalf 2013) 
 
 
2.11 Conventional Surveying Techniques 
 
Conventional Surveying Techniques are carried out by a range of modern equipment from Electronic 
Distance Measuring (EDMs), Robotic Total Stations, GPS systems, laser scanners etc.  The accuracy 
required on a particular project determines the required equipment to carry out the project.  An accurate 
topographic survey is generally carried out by a Robotic Total Station which measures distances and 




Figure 10: Robotic Total Station, survey pole, 360 prism and data controller, Trimble (2018). 
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There are several guidelines in place for conventional surveying techniques, particularly for 
Government topographical survey contracts.  In the TMR Surveying Standards, State of Queensland – 
Department of Transport and Main Roads (2016), there are very specific guidelines in place which are 
required to be met when carrying out topographic surveys for Main Roads.  These guidelines cover the 
survey datums for control, horizontal positional uncertainty, vertical positional uncertainty, survey 
uncertainty, positional uncertainty, primary and secondary control requirements as well as detailed 
requirements for how features are to be captured and their observed relative uncertainties. 
 
Local councils in Queensland also generally have a Survey Quality Manual.   When contracted for 
Townsville City Council for example it is a requirement for the topographic surveys to be carried out 
as per the guidelines stated in The Survey Quality Manual, Townsville City Council (2011).  This 
manual stipulates requirements similar to that of TMR’s surveying standards. 
 
Smeaton (2015) carried out the conventional total station survey with a Robotic Total Station which 
formed the base survey for comparison to the UAV photogrammetry survey.  The capture was carried 
out by utilising existing published ground control coordinates and vertical control by his company on a 
previous project.  The appendix referred to which is meant to show the observations and comparisons 
is missing from the dissertation so it’s difficult to determine if sufficient survey control was established. 
 
 
2.12 Knowledge Gap and Study Justification 
 
From the above literature review it is evident that there is a large variation in accuracies obtained by 
various case studies.  Further projects are required to confirm the suitability of UAVs for surveying 
applications. 
 
Smeaton’s dissertation is the closest study undertaken to this research project.  Smeaton’s project had 
exceptional accuracies for the ground control values but higher values on the 20 comparable points with 
a vertical spread of 150mm.  His conclusion that Topographic Survey and Volumetric Survey are 
appropriate surveying applications for a fixed wing high cost UAV survey.  I believe that the 150mm 
in vertical accuracies for a Topographic Survey would not satisfy the requirements of the end user of 
this data.  I believe that further projects are required to firstly confirm accuracies and provide these 
findings to industry professionals to assess their views on the suitability. 
 
Smeaton used a high-cost UAV with onboard GPS whereas this project uses a low-cost UAV.  Similar 
situational studies with low-cost UAVs are KRŠÁK et al. (2017) and Udin, W. S. & Ahmad, A. (2014), 
these studies show varying results in accuracies further highlighting the need for further studies. 
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Another gap in the knowledge from the literature review is the analysis of results on varying surfaces.  
This research project aims to test a low-cost UAV photogrammetry survey over varying surfaces to 
analyses vertical accuracies.  Smeaton (2015) is the only project that shows point accuracies on varying 
surfaces however not being the main focus of his analysis it is not covered in any detail.  There was a 
2018 project at USQ which looks at the vertical errors in areas of vegetation, this is a known limitation 
of UAV photogrammetry surveys as the top of the vegetation is mapped rather than physical ground.  
Unfortunately, this past project along with five other UAV projects from 2018 are not available from 
USQ as they are not deemed appropriate for publishing by the Engineering Faculty.  Further studies are 






This literature review has looked at a what a UAV is and its use in surveying applications.  The review 
also has looked at the aspects of carrying out a UAV survey such as; flight planning, flight height, 
ground control requirements and expected accuracies of a UAV survey 
 
The literature review also looked at the conventional survey which is the base survey for comparison 
with the UAV.  The review looked at conventional survey techniques and expected accuracies of the 
survey.  This chapter also touched on model comparisons and accuracy findings from similar project 
carried out by other.  One knowledge gap identified was there is a large variation in accuracies obtained 
in previous studies and that further work is required to confirm the suitability of UAV’s for surveying 
applications.  Another knowledge gap identified was the analysis of results between different surfaces 
surveyed.  This project focuses on these two knowledge gaps identified.  
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This chapter will work through the methodology of the project.  The projects design will be stepped out 
before going into more detailed steps.  Methodology steps include instrument calibrations, flight 
planning, establishing survey control networks, conventional survey & UAV survey, quality assurance 
and processing of survey data.  
 
3.2 Study Area 
 
Two sites have been selected to achieve varying site conditions to optimise different surfaces captured.  
When selecting sites attention was towards accessibility, surface conditions and an area which could be 
flown under CASA’s requirements without special requirements. 
Site 1 was selected at Balgal Beach, 60 kilometres north of Townsville my hometown.  The site covers 
a coastal foreshore 120m deep by 80m wide.  The terrain consists of a flat bitumen road with a wide 
gravel shoulder for parking an open drain before a small sand dune and gently sloping beach down to 
the ocean. 
The Balgal Beach site in particular was selected for its varying slopes and surfaces to test the UAV 
capabilities under different site conditions.  The site has a bitumen road along the foreshore which is 
relatively a flat smooth surface and is grey or black in colour with little distinguishing features.  Next 
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Figure 11: Site Photo showing bitumen road and road verge. 
 
From the verge the slope drops significantly down to the beach, this area is lightly grassed in areas with 
a few small trees.   
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Just before the beach there is a small drop into a gully behind the sand dune.  This drop and gully has 
some thicker vegetation in areas.   
 
 
Figure 13: Site Photo showing gully behind sand dune. 
 
The beaches top sand dune is vegetated by a low beach bean plants with a lot of driftwood on the ocean 
edge of the dune.   
 
 
Figure 14: Site Photo beaches sand dune and vegetation. 
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From the top sand dune the beach drops down to a flat ocean floor, the ocean floor is very flat and holds 
water in places on the low tide. 
 
 
Figure 15: Site Photo showing edge of sand dune. 
 
 
Figure 16: Site Photo ocean flood on low tide. 
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Figure 17 below shows the aerial view of site 1 (Balgal Beach).  Appendix E shows the site extract from 
Queensland Globe. 
 
Figure 17: Aerial view of site 1 (Balgal Beach). 
 
Site 2 was selected at a small sand and loam quarry at Laudham Park, 35km south of Townsville.  The 
site covers an area of a working quarry over a similar size to Site 1, 115m x 130m.  The sites terrain is 
generally flat with some small stockpiles.   
The site also has various surfaces such as gravel roads, dirt tracks, stockpiles, vegetation etc.  This site 
allows some comparison that is a little different to the coastal foreshore of Site 1.  Figure 18 and 19 are 
site photos from Site 2. 
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Figure 20 below shows the aerial view of site 2 (Laudham Park).  Appendix F shows the site extract 
from Queensland Globe. 
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3.3 Project Design 
 
The project is planned out in 6 phases 
• Phase 1:  Obtain all resources and carry out instrument calibration.  This phase also includes 
site selection and risk assessments. 
• Phase 2:  Establish site survey control to coordinate the two surveys.  Survey control calculation 
required to determine control positional values. 
• Phase 3:  Carry out conventional survey over the site. 
• Phase 4:  Carry out the UAV survey of the site. 
• Phase 5:  Data processing of raw results from both types of surveys.  Analysis of survey quality 
and then comparing the two surveys. 
• Phase 6:  Carry out questionnaire/interview of industry professionals to ascertain their 
thoughts on accuracies and deliverables before making an assessment of the suitability of a 
low-cost UAV in surveying applications. 
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Table 5: Phase breakdown by task. 
Phase 1 Project Planning and Preparation – Refer to section 3.4 
1A Obtain all resources.   
➢ Refer to project planning, section 3.4, for resource requirements. 
1B Instrument calibration. 
➢ EDM baseline range calibration for the Robotic Total Station. 
1C Select sites 
➢ Confirm availability and suitability. 
➢ Carry out risk assessments. 
➢ Flight planning for UAV operation. 
Phase 2 Establish survey control network – Refer to section 3.5 
2A 
 
➢ Setup survey control. 
➢ Ground control targets installed for UAV capture. 
➢ Geocentric Datum of Australia 1994 (GDA94) and coordinates to Map Grid 
of Australia (MGA) in zone 55 coordinates. 
➢ Traversed marks with EDM and 2-way spirit levelled 
2B Survey Control Calculations. 
➢ Horizontal and Vertical calibrations. 
➢ Create survey control file. 
Phase 3 Carry out conventional survey with Robotic Total Station – Refer to Section 3.6 
3A Setup on survey control and observe check shots to adjoining control stations. 
3B Carry out detailed capture of site area. 
Phase 4 Carry out the UAV survey of the sites – Refer to Section 3.7 
4A Final stages of flight planning 
4B Fly the UAV across the site. 
Phase 5 Data processing and analysis – Refer to Section 3.8 
5A Download and process raw data 
➢ Carry out survey control checks in both data sets. 
➢ Processe conventional data using Topcon’s Magnet office software. 
➢ UAV survey to be processed using Pix4D software. 
5B Analysis of data.  Refer to Analysis Chapter. 
Phase 6 Carry out questionnaire/interview of industry professionals 
6A Select candidates for questionnaire/interview. 
6B Carry out questionnaire/interview. 
6C Compile and assess results from questionnaire/interview.  Refer to Analysis Chapter  
The following methodology steps the project through each phase.  
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3.4 Project Planning 
 
 
3.4.1 Resource requirements  
 
There are many resources that are required to carry out this project.  Most of the resources required 
have been supplied by Rowlands Surveys, my place of employment, this includes computer software, 
survey equipment and materials.  Rowlands Surveys directors are happy to assist in this project as the 
finding of this project will allow our company to make a judgement on the suitability of introducing a 
UAV into our surveying business.  The below table lists required resources, quantities, source and the 
cost of each resource. 
 
Table 6: Required Resources. 
Item Quantities Source Cost 
PC with Microsoft Windows 1 Rowlands Surveys In Kind/Nil 
Topcon’s Magnet Civil Software Program 1 Rowlands Surveys In Kind/Nil 





AutoDesk AutoCAD 1 Rowlands Surveys In Kind/Nil 
Phantom 4 RTK (no base station) 1 Rowlands Surveys $7,490 
Microsoft Word 1 Rowlands Surveys In Kind/Nil 
Microsoft Excel 1 Rowlands Surveys In Kind/Nil 
Trimble S7 Robotic Total Station 1 Rowlands Surveys In Kind/Nil 
Survey Vehicle fully equipped 1 Rowlands Surveys In Kind/Nil 
Survey Control Material 1 Rowlands Surveys In Kind/Nil 
Ground Control Targets (Carpet Tiles x5) 1 Rowlands Surveys In Kind/Nil 
 
There are two major purchases for this project, Pix4D software and a Phantom 4 Pro  UAV, Rowlands 
Surveys purchased the items as these resources will be incorporated into their business.   
 
One of the sites selected is a privately-owned quarry site, this resource has kindly been made 
available for my use after hours.   
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Lastly a major resource required for this project is of course time.  It is estimated that 10 hours per week 
was required at a minimum, this equates to 340 hours.  With the use of company equipment my time 
invested towards this project was generally afterhours to not interrupt with day-to-day operations.  Time 
sourcing the Pix4D and the Phantom 4 Pro UAV however was completed during work hours. 
 
 
3.4.2 Instrument Calibration  
 
Surveyors operating in Queensland are required to ensure their equipment is standardised under section 
20 of the Survey and Mapping Infrastructure Regulation 2014.  This is achieved by carrying out a 
comparison test on the electronic distance measurement (EDM) calibration range.  These ranges are 
located across Queensland and hold a Regulation 13 certificate under the National Measurement Act 
1960 (Queensland Government 2019).  See Appendix B for the Regulation 13 certificate.  
 
Townsville 2 is the current EDM calibration range in my areas.  The Robotic Total Station which is 
used for the conventional surveys has been put over the calibration range to ensure legal traceability is 




3.4.3 Risk Assessment 
 




3.4.4 Flight Planning 
 
Flight planning is essential when operating it is essential to check the airspace that is being flow is safe 
to do so.  As detailed in earlier literature review, refer to Section 2.5 – Flight Planning for UAV project, 
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3.5 Establish Survey Control Network  
 
A survey control network is required for accurate pickup for the conventional survey of the site as well 
as for establishing accurate photo control locations that the UAV survey uses to process the captured 
images.  Survey control is also used for any follow up survey work of the site which often occurs 
following a topographical survey of a site, therefore correct establishment and reporting of control 
marks used is important. 
 
3.5.1 Setup Survey Control 
 
Survey control is installed in a suitable location for site capture by conventional survey.  This involves 
selecting suitable and permanent locations for survey marks on site that are clear of obstacles.   
As the project is on MGA’94 grid coordinates and Australian Height Datum (AHD) level datum, the 
survey locations have good sky coverage for Network RTK GNSS observations to the control marks.  
A central survey station is the datum mark of the surveys with connections to existing MGA’94 datum 
survey marks.  The connection to datum were made by SmartNet observations.  SmartNet delivers 
GNSS corrections via mobile internet communications to GNSS to deliver centimetre measurement 
corrections to the GNSS receiver in the field.  SmartNet provides corrections to the Continuously 
Operating Reference Stations (CORS) network. 
To establish MGA azimuth on the project a second mark was required at a greater distance to the area 
of capture which was also made by RTK GNSS observations.  Both this mark and the datum mark are 
three minutes plus observations with the RTK unit on a tripod.  A second observation was required after 
re-initializing the GNSS receiver to ensure a correct coordinate has been observed. 
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Figure 21: Trimble R8 RTK GNSS Receiver on a tripod observing a control mark 
 
Additional survey control was installed as required for general pickup and for independent prism pole 
verification during conventional field survey.  Horizontal connections to these marks were made by 
total station observations with short pole observations or prism target set on a tripod.  Refer to Section 
3.6 for further details on correct methods for confirming accuracy of the survey control. 
 
Figure 22: Prism target set on a tripod observing a control mark. 
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To establish quality vertical survey control a 2-way level run between survey control marks is required 
via a dumpy level.  The vertical reduced levels are determined from the average of the two-way 
independent levels runs referenced to the central datum mark established by SmartNet connection to 
the project.  
 
Figure 23: Dumpy Level and Staff used for establishing vertical control. 
 
Ground Control Locations GCP’s were placed around the site as required for UAV survey requirements.  
The GCP’s require accurate positional coordinates of known X, Y and Z values, this is achieved by 
traditional surveying methods, similarly to addition control points these locations/targets are observed 
using best practices, short pole observation or prism set on a tripod and two-way levelling.  Accuracy 
is important as the photogrammetry software package uses these points in the UAV images to shift, 
orientate and scales the UAV survey to the coordinates of the known GCP’s.  For more on GCP’s 
requirements refer to Section 2.7 – UAV Ground Control Requirements. 
 
Figure 24: Ground Control Location/Target. 
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3.5.2 Calculation for Survey Control 
 
Calculations are required to determine the coordinate values of the survey control marks.  By reducing 
the observations to the survey marks both horizontal and vertical the coordinates are determined for 
each mark.  Sufficient checks on the control network is required to ensure control accuracies, this 
includes closing survey control traverse and reducing two-way level observations.  For more complex 
networks a Bowditch adjustment may be required for the horizontal control, however this project is 
looking at a relatively small sample area which requires minimal survey control to carry out capture of 
this project. 
 
3.6 Carry out Conventional Survey  
 
The conventional survey captures the sites terrain and features by Robotic Total Station.  This survey 
is the base line survey which compares its terrain surface against the surface produced by the UAV 
survey. 
 
The conventional survey utilises pre-determined survey control marks to capture the sites topography.  
This process involves setting the Robotic Total Station up on a known mark and orientating the 
instrument to a second mark.  The observations to the second mark confirms the accuracy of the 
instrument setup.  The topography is captured with a survey pole and prism.  The pole and prism 
configuration is used to check a third control station, this confirms both the instrument setup is correct 
as well as the pole and prism setup.  Check points are stored at each step for later verifications steps in 
the civil processing package. 
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Figure 25: Trimble Robotic Total Station used for conventional survey 
 
The site is then captured in a methodical process of observing a series of points along each feature and 
surface breakline to define the surface, line and point features of the site.  The level of detail depends 
on the surface terrain, a flat surface requires fewer points to define its surface compared to an uneven 
surface.  Using a data controller, Trimble Survey Controller (TSC3), with a survey package such as 
Trimble Access, observed points are captured at such an interval as is required to define the terrain.   
 
A survey coding system is used to join similar features together to assist in defining the site.  For 
example, a top and toe of a bank is captured using a BL01 (Bank Left String #01) and BB01 (Bottom 
Bank String #01) and so on.  Features such as trees or services located also have specific feature codes 
to link the point to the feature in the computer processing package.  Figure 26 shows the map screen of 
a TCS3 Trimble Access Map, the crosses are individual points observed and the lines shown are the 
joined feature strings. 
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Figure 26: Trimble Access Map screen showing points captured. 
 
At the completion of site capture an independent control check with the pole and prism is carried out 
as well as backsight check to confirm orientation is within required tolerances. 
 
 
3.6.1 Processing of Conventional Survey 
 
Once all the field points are collected a raw data file is downloaded and processed in a Civil Software 
Program.  Topcon’s Magnet Civil Software package is the program which has been used to process the 
collected data and produce the conventional survey deliverables.   
 
Once the raw data has been imported its positional quality is checked by comparing the check points 
captured in the field against the known survey control points.  Once satisfied that the survey is captured 
correctly in relation to the sites survey control the captured data is then reviewed.   
 
Review of the data occurs for correct coding, correct joining of strings, crossing break-lines, duplicate 
points, non-contourable points etc.  Once the data has been corrected a surface mesh is created, this 
process uses the points nominated to define the terrain by the feature library in the civil package. 
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The surface is defined by a series of 3D triangles that join up all the terrain points to create individual 
planes which represent the surveyed terrain.  The individual triangles are then reviewed to determine if 
they are accurately defining the terrain.  Some triangles were manipulated/flipped around to better 
define the terrains surface.  The sites contours are controlled by these surface triangles, once the surface 




Figure 27: Magnet Civil Package – Features strings, points, surface contours and surface triangles. 
 
 
A checklist is utilised to confirm the survey has been correctly processed and that all checks have been 
completed, refer to Appendix H for Civil Package Checklists. 
 
The final deliverables of the conventional survey are completed in AutoDesk’s AutoCAD software 
package where notes, additional overlays, legend, north arrow, title block etc. are added and plotted.  
Point annotation and 3D triangles are made non-plotting to tidy up the presentation of the survey.  As 
for the civil package there is also a drafting checklist for procedures on ensuring the deliverables 
prepared to an acceptable standards, refer to Appendix I for Drafting Checklists. 
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Figure 28: AutoCAD – Showing completed deliverables of a conventional survey. 
 
3.7 Carry out UAV survey  
 
The second survey carried out was the UAV survey of the site, this survey is then compared to the 
conventional survey by the Robotic Total Station.  The UAV that was utilised for this project is a 
Phatom4 RTK UAV.  This UAV has an inbuilt RTK system that utilises SmartNet corrections from 
CORS to record geolocated images to high level of accuracy.   
 
Before flying a series of safety checks is carried out, refer to Section 2.5 Flight Planning for UAV for 
Projects. 
 
Flight planning is carried out to determine the; flight area, fling height, image overlap, image side lap, 
camera setting, home point setting etc.  Once the flight plan is established and it is safe to fly the UAV 
the flight plan is uploaded to the UAV.  The UAV is then launched to autonomously fly the 
predetermined site extents from the flight planning phase.  The UAV flies up to its predetermined 
survey height before commencing its predetermined flight paths of the site taking it’s georeferenced 
aerial photos of the site.   
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The survey height for this project is 60m for both sites.  A flying height of 60m was selected due firstly 
to the expected GSD from the flight is low at 1.62cm/pixel which gives relatively high accuracies but 




Figure 29: UAV Flight Plan of Balgal Beach Site. 
 
3.7.1 Processing of UAV Survey 
 
Using Pix4D an advanced photogrammetry software program the geolocated images captured by the 
UAV are imported into the program.  Below image shows the image properties of captured photos being 
imported into Pix4D.  The import of the photos automatically selects its coordinate system, World 
Geodetic System 1984 (WGS’84).  The location coordinate, yaw, pitch, and roll (omega, phi, and 
kappa) of the UAV at the time of the photo along with the accuracy of each image of each photo is 
displayed. 
 
Figure 30: Pix 4D – Image Import Properties. 
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Pix4D then requires the output coordinate system, WGS’84 which is automatically selected is what is 
required together with the Geoid Height above WGS 84 Ellipsoid.  This value is the N value which is 
found by taking the AHD height value away from the ellipsoidal height of the same point.  This brings 




Figure 31: Pix4D – Output Coordinate System. 
 
Pix4D then processes all the images to come up with a initial processing results showing all images 
which are automatically stitched together using pixel matching technologies.  The next step is to add 
the GCP points in and edit Pix4D file to align with the surveyed GCP’s.  The below figure shows the 
one of the GCP’s, the centre of the target shown on the right is clicked in the centre on a number of 
images which show the target.  From the selected points on the image the software calculates a required 
shift to align with the coordinated target.  The resulting errors and corrections made are also supplied 
to verify the accuracies of the GCP selection and resulting UAV survey. 
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Figure 32: Pix4D - GCP editing. 
 
When all GCP locations have been marked in the required images the survey is re-optimised to the 
best fit of the GCP locations.  A quality report is generated following the final adjustment which 
reports on the accuracies, properties, block adjustment results, GCP results etc. 
 
Following a satisfactory review of the quality report various deliverables can then be created 
including, Point Cloud, surface mesh, DSM, Orthophoto and Google Map Tiles.  The point cloud is 
imported into Trimble Business Centre where a classification process is initiated to filter different 
elements.  The classification the surface mesh filters points into categories such as ground, high 
vegetation, buildings, power lines etc.  The ground classified points are what is required to define the 
terrain, all points on this classification are then used to create a surface.  The surface mesh is the main 
deliverable that is utilised as this is the UAV’s deliverable for the surface, it is compared to the 
conventional survey.   
 
 
3.8 Quality assurance 
 
The following details the quality assurance measures that are required to verify the two surveys. 
 
As detailed in Section 3.5, the conventional survey utilises pre-determined survey control marks to 
capture the sites topography.  A series of steps occurs at the commencement of the survey to ensure the 
instrument is correctly setup over the survey mark and is orientated correctly.  The observations to the 
second mark confirms the accuracy of the instrument setup.  The pole and prism configuration used for 
capturing the sites features and surface is used to check a third control station, this confirms both the 
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instrument setup is correct as well as the pole and prism setup.  At the completion of site capture from 
a survey control station an independent control check with the pole and prism is carried out as well as 
backsight check to confirm orientation is within required tolerances. 
 
 
Figure 33: Backsight check and stakeout check respectively (Rowlands Surveys, 2018) 
 
When the field data is downloaded and uploaded into the civil software package further quality checks 
on the observed field check data is analysed to ensure quality in field pickup is maintained. 
 
The UAV photogrammetry survey is a little different to that of the conventional survey, no field checks 
can be made to confirm quality until the orthomosaic images are processed using Pix4D.  During the 
office processing of the UAV survey the ground control marks are identified in individual images and 
the images are optimised to these control marks.  To ensure the quality of results it is important to assess 
the quality report that is generated by the Pix4D Advanced photogrammetry software. 
 
The quality report is analysed for the following: 
• Average ground sampling distance 
• Image overlap 
• Camera optimization percentage 
• Point matching per image 
• Calibrated images 
• Absolute camera position and orientation uncertainties 
• Number of key points per image and  
• Ground control points (GCP).  Figure 34 is an extract of the accuracies of GCP points. 
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Figure 34: GCP Errors defined in the Quality Report (Pix4D, 2018). 
• Mean: The mean/average error in each direction (X,Y,Z). 
• Sigma: The standard deviation of the error in each direction (X,Y,Z). 
• RMS: The Root Mean Square error in each direction (X,Y,Z) 
 
3.9 Conclusion 
This chapter has worked through the methodology of this project.  Firstly the site selection was 
discussed which pointed out the different surfaces that were selected for comparison.  The resources 
for the project were detailed before going into detail about the establishment of survey control and 
ground control coordination.   
The methodology of both the conventional and UAV surveys were then detailed in full from the setup, 
survey capture and processing of the data for the two surveys.  
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This chapter focuses on the quality and deliverables of both the conventional topographic survey and 
UAV survey.  Reliable survey data is dependent on its spatial accuracies.  A quality survey is also 
required to have quality deliverables, the following reviews the results from both surveys. 
 
 
4.2 Conventional Survey Results 
 
Two conventional surveys were carried out for this project, the first a section on beach foreshore at 
Balgal Beach which has varying slopes and surfaces.  The second site was an operating quarry site at 
Laudham Park Sand and Loam Quarry.  Refer to Section 3.2 - Study Area, for a detailed description of 
the sites and for site photos. 
 
4.2.1 Conventional Survey Data Quality  
 
The quality of the conventional survey is critical as the captured points and subsequent surface 
constructed from these points form the bases of comparison to the UAV survey. 
 
As detailed in Section 3.6 and Section 3.8 the conventional survey carries out check observations to 
verify instrument setup, orientation and data capture is accurate.  The conventional survey setup and 
capture of data was carried out to acceptable levels of accuracies.  Inbuilt checks on control in the data 
controller ensured the capture was correct.  The below figure shows the stored check shots for checks 




Figure 35: Observed check shots from conventional survey. 
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4.2.2 Conventional Survey Deliverables  
 
Raw data is processed using the civil software computer program, a checklist for the processing of the 
raw data is completed to ensure the data is correct.  Refer to Appendix H - Civil Package Checklist for 
completed checklists.   
 
Following the import, correction of raw data, creation of 3D surface the deliverables are created in 
AutoCAD.  As per a typical project an AutoCAD drawing showing the sites surveyed points, feature 
lines, annotations, contours, site grid, legend, control table, north arrow etc is completed.  To ensure a 
quality deliverable a checklist is used during the drafting process, refer to Appendix I for Drafting 
Checklists for completed checklists.   
 
The surveys typical deliverables are in digital format along with a PDF copy of the final plan.  Refer to 
Appendix J & K for PDF copies of the deliverables of both sites conventional survey. 
 
 
4.3 UAV Survey Results 
 
Two surveys carried out by UAV over the same sites were carried out as per Section 3.7 – Carry out 
UAV survey.   These surveys are compared to the conventional surveys for accuracies and deliverables 
of each site to determine the suitability of the UAV in surveying applications. 
 
 
4.3.1 UAV Survey Data Quality  
 
Ground Photo Control (GCP’s) which were installed and coordinated from the survey control stations 
is what controls the positional accuracies of the UAV survey, refer to Section 2.7 – UAV Ground 
Control Requirements for more information.   
 
The raw data and images are downloaded from the UAV and imported into the Pix4D Advanced 
photogrammetry software.  Selecting the required import and output coordinate settings brings the 
photos into the program before it initially processes the imaged automatically by using pixel matching 
technologies, this is further detailed in Section 3.7.1 Processing of UAV Survey. 
 
The UAV used in this project is a Phantom 4 RTK, the added extra of the RTK gives the images a high 
level of horizontal and vertical georeferenced accuracy on the imported images which assist the initial 
processing of the images. 
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The below figure shows the accuracies of the GCP’s, from the Balgal Beach UAV survey, which are at 
this stage shown as check points only to compare the quality of the initial processed survey.  The results 
are quite good for initial processing keeping in mind that this is unedited reduction of the geolocated 
images of the site.  The easting and northing erros are 16 and 26mm respectively which is quite low 
and the elevation error is 54mm.  These errors are what would be expected from an RTK fixed solution.  
It also shows that the import and output setting used including the N value added to the vertical is 
correct.  
 
Figure 36: Observed check shots from conventional survey. 
 
After the initial processing of the imported georeferenced images the GCP’s used to align the UAV 
survey with the sites coordinate system.  Each GCP locations is reviewed and coordinated in each 
image.  Pix4D then reinitialises from the initial processing to align the UAV survey to the best fit 
solution of the known GCP locations.  The below figure shows the error in relation to the known GCP 
locations in the survey from the Balgal Beach UAV survey. 
 
 
Figure 37: Extract from Pix4D report showing 3D GCP locations applied for Balgal Beach. 
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The report shows a very acceptable result in the geolocation of the UAV survey with errors that are 
very low.  This results in an acceptable UAV survey which can be now utilised, various deliverables 
can now be created from this file. 
 
The below figure shows the error in relation to the known GCP locations in the survey from the Balgal 
Beach UAV survey. 
 
 
Figure 38: Extract from Pix4D report showing 3D GCP locations applied for Laudham Park. 
 
The full report for both projects can be found in Appendix L.  This report goes into a lot of detail on 
the quality of the UAV survey which is further detailed in Section 3.8 - Quality Assurance. 
  
The expected accuracies as detailed in Section 2.8 - UAV Specifications and Expected Accuracies have 
been achieved very comfortably which is a good result.  This better than expected accuracy is due to 
the quality of the GCP locations.  This project has accurately located the GCP locations by conventional 
techniques rather than utilising RTK observations which is known to have a greater positional 
uncertainty in observations.  The project by Drone Deploys, highlighted in the literature review, uses 
the same UAV but utilizes RTK observations reported errors to be 20mm in horizontal and 33mm 
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4.3.2 UAV Survey Deliverables  
 
Deliverables are exported from Pix4D in many different formats depending on the end users 
requirements.  Pix4D can export the following formats; Point Cloud (in LAS, LAZ, PLY or XYZ 
formats), a classified point cloud (where the program runs algorithms to classify point features), Raster 
DSM and Orthomosaic images.  This project has utilised the exported Orthomosaic images for 
producing aerial photo deliverables and a LAS point cloud which has been imported to Trimble 
Business Centre (TBC) for classification and further processing of the survey. 
 
TBC, similarly to Pix4D, has a classification process where the program runs algorithms to classify the 
point cloud.  The software program classifies the point cloud into the following categories; Buildings, 
Ground, High vegetation, Poles/signs and Powerlines.  This process is utilised as this project is looking 
at creating a ground surface that can be compared to a conventional survey to determine its suitability. 
The below figure shows the classification groups except for ground which has been deselected.  It’s 
clear that a lot of beach has not been classified as ground and needs to be corrected.  The green is the 
classification of the trees which is working well with all trees in the study area being classified as high 
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The below figure shows the corrected classification of the point cloud after manual tiding up after the 
automatic classification of the point cloud.  The white sections are where no ground classified features 
have been captured, this mostly occurs under trees with thick foliage.  
 
 
Figure 40: Extract from TBC showing initial classification of point cloud. 
 
Once the point cloud has been corrected a surface is then created using the ground classified points.  
The below figure shows the surface is formed using the classified ground points and areas without 
points the surface mesh is joined across the gap in the data. 
 
 
Figure 41: Extract from TBC showing formed surface. 
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A survey plan is produced in AutoCAD to show the sites contours created from the UAV surface, the 
drawing also includes relevant information about the sites coordinate system, GCP location and aerial 
image.  Note that there are no feature stings identified in the deliverables other than those identifiable 
in the aerial image.  
 




In conclusion both survey deliverables have been carried out to a high degree of accuracies and have 
delivered a typical standard of delivery for each type of survey.  The following is a snapshot of the 
results, timing and deliverables. 
 
Table 7: Snapshot of results, timing and deliverables. 
Item Conventional Survey UAV Survey 
Deliverables AutoCAD drawing containing points, 
feature lines, annotation, 3D surface, 
contours, control notes, legend etc. 
AutoCAD drawing containing 3D 
surface, contours, aerial image, 
control notes, legend etc. 
Also able to supply point cloud, 
orthmosaic image and Google tiles. 
Accuracy                
of survey data 
Surveyed points 0.010mm positional 
uncertainty 
Processed UAV GCP accuracies of 
8mm horizontal and  25mm vertical. 
Time:                
Field Capture 
Control and Capture of Data - 3 hours Control and Capture of Data – 1.5hrs 
Time:                 
Office Processing 
Office Processing – 3 hours Office Processing – 2.0hrs           (Note 
this time is dependent on Pix4D 
processing time as this is a variable of 
computer power). 
Cost of Survey  $1,800 ex GST. This includes travel, 
installation of survey control by two-
man crew, survey capture and office 
processing of deliverables. 
$1,500 ex GST.  This includes travel, 
installation of survey control by two-
man crew, UAV capture and 
processing of deliverables. (Note if 
less quality survey control is required 
the cost would decrease as only one 
man in the field is required. 
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Analysis of the two surveys occur by using the following computer programs which include, Topcon’s 
MAGNET Office Software, Pix4D Advanced photogrammetry software, Autodesk AutoCAD, Trimble 
Business Centre and Microsoft Excel. 
 
Once the survey data sets from the two surveys have been processed and corrected to the sites coordinate 
systems an analysis of the UAV photogrammetry point cloud survey is made by comparing its surface 
against the base survey by the conventional survey. 
 
Specific points from select areas of varying terrain surfaces are selected to compare vertical heights 
between observed points.  This process is done through Topcon’s MAGNET Office Software as well 
as TBC.  Additionally, a cut and fill heat map is prepared to compare the two surfaces.  The below 
image is an example of a heat map showing the difference in vertical heights between two surfaces. 
 
 
Figure 42: Cut-Fill Heat Map (Rowlands Surveys, 2018). 
The analysis of the vertical differences between the two surveys provides tangible results which then 
determine the suitability of a lot-cost UAV photogrammetry survey. 
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5.2  Point Comparison between surveyed points and UAV surface 
 
To compare the UAV surface accuracy and therefore its suitability the surface created by the UAV 
processing software is compared to the conventional survey.  The conventional survey observed 308 
individual survey points for the Balgal Beach site and 292 individual surveyed point for the Laudham 
Park Quarry site.  A comparison of these surveyed point against the UAV surface was compared using 
TBC and is presented as a plan, refer to below figure for a small snap shot and for full plans refer to  
Appendix O for Balgal Beach & Appendix P for Laudham Park Quarry. 
 
 
Figure 43: Point Comparison between surveyed points and UAV surface. 
 
Table 8: Point comparison between surveyed points and UAV surface. 
Item Balgal Beach Laudham Park 
Quarry 
Total points surveyed 308 292 
Average difference between surveyed point and 
UAV surface. 
38mm below UAV 
surface 
39mm below UAV 
surface 
Highest difference in observed elevation 368mm below 649mm* below 
523mm below 
Lowest difference in observed elevation 54mm above 670mm* above 
112mm above 
*Differences found close to vertical face of concrete block 
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It is interesting to find that both sites have a similar result, on average being 38-39mm above the 
surveyed points despite the GCP locations showing such good results in the processing. 
 
When analysing point results further as expected in areas that are vegetated the UAV surface is mapped 
around the top of low vegetation.  Keeping in mind that the point cloud classification can remove high 
vegetation as can be done by manual selection however low vegetation is difficult to remove due to the 
lack of penetrating ground surface points to determine what is ground and what is vegetation.  This is 
demonstrated by the below figure showing an area of tall grass at the Laudham Park site, the UAV has 
its “ground classified” surface on top of the grass and the conventional surveyed points are below on 
the actual ground surface. 
 
 
Figure 44: Point Comparison between surveyed points and UAV surface. 
 
Of interest to this project is the comparison in surveyed points for areas of different surfaces types in 
particular areas of little pixel contrast.  To analysis this a cross section of the Balgal Beach site has been 
made down the beach profile where there are many varying types of surfaces.  The full width of points 
on each section of the profile has been graphed to show the differences in conventionally surveyed 
point and the UAV surface.  The below figure shows the results of this analysis, refer to Appendix Q 
for the full graph. 
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Figure 45: Beach profile showing height differences between surveys. 
 
It can be seen that the points are largely scattered in areas of vegetation and are generally with the 
exception of one point creating a surface that is between 0 and 366mm from the conventionally 
surveyed points.  The bitumen road and shoulder generally are scattered evenly around the survey points 
with a range of  20mm.  Points on the dry sand are also generally close to the surveyed point with the 
odd few above 50mm.  The wet sand area is generally close with results between 9mm above and 32mm 
below.  What is interesting is the wide scatter of points on the low tide flat area which is holding water 
in some areas, this shows that the UAV has particular difficulties in this area and needs to be considered 
when carrying out surveys in similar situation for example after recent rain or tailings dams. 
 
Further analysis of this graph is show in the below table showing the number of points in the range, 
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Table 9: Point comparison between different surface classification. 
Surface Average 
Difference 
Point Range Highest surveyed 
point above UAV 
Surface 
Lowest surveyed 
point below the 
UAV surface 
Bitumen Road 3.8mm above 
UAV surface 





39 18mm 70mm 
Short Grass Area 77mm below 
UAV surface 
49 7mm 237mm 





All lower than 
UAV 
368mm 
Sand Dune Dry 56mm below 
UAV surface 
21 1mm 90mm 
Sand Dune Wet 32mm below 
UAV surface 
32 10mm 34mm 
Low Tide Flat 5mm below 
UAV surface 
48 92mm 43mm 
The differences between points on the two stockpiles range significantly between 111mm below the 
UAV surface to 112mm above the UAV surface.  This is interesting as the surface is free of surface 
obstacles similar to the road, shoulder, sand dune dry and sand dune wet but has a high difference in 
observed surfaces when comparing the surfaces.  The stockpile made of a very fine material which 
forms a surface that is difficult to distinguish between geolocated images which may contribute to the 
error.  
 
Figure 46: Beach profile showing height differences between surveys. 
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5.3 Surface Comparison 
 
A surface comparison as detailed in the introduction to Charter 5 is a process of comparing two surveyed 
surfaces in the form of a heat map.  The heat map shows the range in depths between the two surfaces, 
red shows areas where the surveyed surface is lower than the UAV and the blue is areas where the 
surveyed surface is higher than the UAV surface. 
 
The heat maps are created in a Civil Software Program, in this case TBC has been used to create the 
heat maps, the heat maps are presented as a plan, refer to below figure for a small snap shot and for full 




Figure 47: Heat map exert from Balgal Beach heat map plan. 
 
One point to add when viewing the heat comparison is that the surveyed points form a grid pattern 
which best defines the surface terrain, the tighter the grid of points the better representation of the 
surface.  A traditional survey is a mix between the largest grid pattern (to capture the site in the most 
efficient manner), against the most accurate surface surveyed.  The smaller the grid of surveyed points 
required the longer the surface takes to survey and vice versa.    
 
A UAV survey is calculating observation points at every pixel that is located in multiple images which 
creates a grid pattern of between 10-100mm at a flying height of 60m, (spread of points deviate with 
height and obstacles).  For example, the Laudham Park site contains 23 million UAV points compared 
to 292 conventional captured points, the amount of pickup captured is typical of a conventional survey.  
Therefore points in between the conventional grid of points contain lumps and bumps that simply 
cannot be captured in a reasonable time frame by conventional means which is visible in the heat map 
comparison of the surveys. 
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5.4 Stockpile Volume Comparison 
 
A surveying application that could utilise a UAV due to the lack of limiting factors like vegetation cover 
to a UAV survey is a stockpile survey.  A stockpile survey is a survey conducted to determine the 
volume of a stockpile of material.  The Laudham Park Quarry site contains two stockpiles that were 
surveyed by the conventional methods and the UAV method, a comparison of the volume was carried 
out to assess the suitability of the UAV in this surveying application. 
 
Table 10: Volume Survey Comparison. 
Stockpile Volume by Conventional Survey Volume by UAV Survey 
Northern Stockpile 189m3 187m3 
Southern Stockpile 125m3 125m3 
 
The stockpile volumes calculated give a satisfactory result between the two methods which results in a 
stockpile survey being a suitable application for a UAV survey.  A few points of note from the process 
of calculating the volume however.  Determining the toe of the stockpile survey takes some care, this 
process involves manual interpretation using available imagery, contours and 3D visualization to 
determine where the toe of the stockpile is.  The toe of the stockpile is required to determine the bottom 
surface for which a volume is calculated. 
 
Another point of interest is that when comparing the surveyed toe points against the UAV surface there 
is a consistent difference of 60mm for the northern stockpile and 80mm for the southern stockpile this 
is a significant figure given that at this position of a stockpile being the base the areas of the stockpile 
is at its greatest and therefore becomes significant in the stockpile calculation.  For the northern 
stockpile this equates to 8m3 which is 4% of the volume.  It is therefore important to use the UAV toe 
rather then a known/surveyed toe so that calculations are relative to the survey.  This is an issue that 
needs to be considered if the bottom surface of the stockpile is uneven and has been captured by another 
means before the stockpile had been formed. 
 
Figure 48: TBC image of selecting the stockpile toe. 
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Refer to the below figure for a snapshot of the deliverables of the UAV stockpile survey, refer to 
Appendix T for Laudham Park Quarry Stockpile Survey.  Note that the added benefit of the UAV survey 




Figure 49: Laudham Park Quarry Stockpile Survey. 
 
5.5 Questionnaire/interview of Industry Professionals 
 
To assess the suitability of UAVs for surveying applications this project carried out a 
questionnaire/interview with industry professionals, (engineers, project managers, civil contractors, 
etc.) to assess their views on UAV suitability.  The industry professionals are the end users of UAV 
surveys therefore their thoughts on accuracies is a true indication of suitability.  Participants were asked 
to record their perceived accuracies of a UAV topographic survey for various surfaces before the 
findings of this project were presented.  The industry professionals were also were asked to comment 





Page 69 of 131 
 
5.5.1 Questionnaire/interview process and results 
 
A slide show presentation was shown to participants.  Firstly, an introduction to the project with some 
background information about the two survey methods.  The participants varied so different levels of 
information were discussed to inform the participants of the methods and restrictions of a UAV survey 
and the conventional survey.   
 
Eleven industry professionals participated in my questionnaire which was most appreciated.  The 
participants varied to capture a wide base of industry whom could potentially use the deliverables of a 
UAV survey.  The following is a table of participants and their occupation. 
 
Table 11: Participants in industry professional questionnaire. 
Name: Profession: Title/Role: 
Ben Gibson Civil Construction Project Manager 
Brett Langtree Civil Engineer Director/Principal Civil Engineer 
Dale Armbrust Civil Engineer Senior Civil Engineer 
David Dance Surveyor Principal Surveyor (Transport and Main Roads) 
Dion Morris Civil Construction Systems Coordinator 
Don Profke Civil Construction Estimator/Construction Manager 
Fei Ngoo Civil Engineer Senior Civil Engineer 
John Pozzebon Surveyor Head Surveyor (Townsville City Council) 
John Single Civil Engineer Senior Civil Engineer 
Qianyi Chen Surveyor Surveyor (Townsville City Council) 
Steve Olsen Civil Construction Project Manager 
 
 
I showed the deliverables for both the conventional survey and the UAV survey and pointed out the 
pros and cons of each deliverable.  Following the introduction and methodology of the project I asked 
the participants to complete the first part of the Industry Professional Questionnaire.  This part asked 
the participants to write their perceived accuracies of a UAV survey for each of the surface categories 
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SURFACE PERCEIVED VERTICAL ACCURACIES BEFORE FINDINGS 
SHOWN    (+/- mm’s) 




50 35 10 50 15 10 20 10 5 15 20 
Short Grass Area 
100-200mm thin 
vegetation: 
100 50 50 100 50 20 25 20 50 20 50 
Bank Area of long 
grass 200-400mm 
vegetation: 
200 55 100 175 50 30 30 30 150 15 
150-
200 
Dry Sand Dune: 100 25 20 75 20 10 25 15 5 15 20 
Wet Sand Dune: 50 10 10 50 15 5 20 15 5 20 20 
Mud flat on low tide: 
100 10 20 100 50 20 20 15 10 20 
30-
50 
Quarry Floor / 
Stockpile Surface 








Following the perceived accuracies by the industry professionals I then presented my findings of the 
project.  Slides containing averages and the spread of errors for the various surfaces as shown on 
Appendix Q were presented to the participants.  Volume comparisons and cut/fill maps where also 
presented.  At the conclusion of my presentation I asked the participants, having my findings presented 
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SURFACE Is a UAV survey suitable for the following surfaces (Y = Yes  &  N = No) 




Y Y Y Y Y N N Y Y Y N 
Short Grass Area 
100-200mm thin 
vegetation: 
Y N N Y Y N N N N N N 
Bank Area of long 
grass 200-400mm 
vegetation: 
Y N N N Y N N N N N N 
Dry Sand Dune: Y Y N Y Y N Y Y Y/N Y N 
Wet Sand Dune: Y Y Y Y Y N N Y Y/N Y Y 
Mud flat on low tide: Y Y Y N Y N N N Y/N N Y 
Quarry Floor / 
Stockpile Surface 
Y Y Y Y Y N Y Y Y Y Y 
 
 
I also asked participants to list their suitable applications for a UAV survey in their profession.  The 
following table lists the wide variety of applications provided. 
 
Table 14: Industry professional questionnaire – Suitable Applications for UAV survey? 
Site Analysis Bulk Earthworks Projects with tight budgets 
Imagery Overlay Species Identification General topography for planning 
Concept Design Stormwater Catchment Aerial imagery pickup 
Asset Surveys Pavement Pickups General Conformance Surveys 
Horizontal Locations Rural Referencing Stockpile/Quantity Survey 
Mining Terrain Survey pickup Boundary setout & locations 
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Participants were also asked about what general comments they had about the features of a UAV survey.  
The below dot points are a compilation of the comments by industry professionals. 
• CASA restrictions make it difficult to use. 
• It definitely has a use, but it is understood that it has its limitations. 
• Looks useful for civil design for suitable surface types, and for before and after imagery i.e. pre 
& post flood. 
• Fast 
• Low Cost 
• Safety – Good and Bad 
• Use depends on location 
• Suitability is dependent on accuracy 
• Future development may make it a more viable option but for now conventional survey provide 
less risk to both the contractor and the principle. 
• Use depends on the data usage, generally not recommended for detail design. 
• The results are surprising my perception was that the accuracy of UAV’s had improved more 
than this. 
• Not really appropriate for flood modelling where its vegetated. 
• Imagery of before and after. 
• Not good on vegetated areas 
• Good imagery and Horizontal Locations 
• Need accuracy in x, y, z for construction. 
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5.5.2 Presentation Discussion/Findings 
 
Analysing the perceived accuracies of the industry professionals shows that the industry generally 
doesn’t understand what accuracy are achievable by a UAV survey.  The following table highlights this 
knowledge gap by showing the range of perceived accuracies against the findings of the project. 
 
Table 15: Industry professional questionnaire – Review of perceived vertical accuracies. 
SURFACE Range from Industry 
professionals (+/- mm’s) 










5-50 +18 / -70 
11/11 
Short Grass Area 
100-200mm thin 
vegetation: 
20-100 7 / 237 
11/11 
Bank Area of long 
grass 200-400mm 
vegetation: 
15-200 +0 / -368 
11/11 
Dry Sand Dune: 5-100 +1 / -90 10/11 
Wet Sand Dune: 5-50 +10 / -34 9/11 
Mud flat on low 
tide: 
10-100 +92 / -48 
9/11 
Quarry Floor / 
Stockpile Surface 





The above table highlights that most industry professions were not aware of the inaccuracies a UAV 
survey can produce, their perception of UAV accuracies is particularly misguided with many 
overestimating the quality.  Once my findings were shown to the participants, most of them indicated 
that survey by a UAV for several of the surfaces was still however suitable.  The below table 
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Table 16: Industry professional questionnaire – Review of perceived vertical accuracies 
SURFACE Number of participants who think 
a UAV survey is suitable for each 
surface. 
Bitumen Surface: 9/11 
Road Shoulder/Gravel Surface: 8/11 
Short Grass Area 100-200mm thin vegetation: 3/11 
Bank Area of long grass 200-400mm vegetation: 2/11 
Dry Sand Dune: 9/11 
Wet Sand Dune: 9/11 
Mud flat on low tide: 6/11 
Quarry Floor / Stockpile Surface 10/11 
 
 
Most participants identified suitable uses for a UAV survey.  This however is subject to the accuracies 
required for the particular application.  Participants highlighted that some surveys which are for more 
for concept or investigation don’t require a high level of accuracy.  There are varying levels of 
accuracies required for a range of different applications.  The applications that are suitable have been 





Concluding the analysis and discussion this project achieved average vertical conventional point 
differences of 38mm & 39mm’s below the UAV surface with however a wide range of surface error.  
Different surfaces showed different level of accuracies.  As expected, areas of vegetation had the largest 
error range due to the UAV mapping the top of the vegetation but the ground below.  A stockpile 
comparison between the two methods resulted in excellent volume comparison. 
 
The analysis compared points from various surfaces and different levels of contrast.  Most categories 
of surfaces analysed the industry professionals surveyed didn’t know what accuracies were capable of 
which highlighted the misguided perception of achievable accuracies. 
 
Even though the surfaces resulted in larger errors then perceived by industry professionals survey they 
still found a use for a UAV survey for all categories, but this was largely dependent on the accuracies 
required for the task.  In general task requiring high levels of vertical accuracies were not suitable and 
tasks that required more overview quality of vertical levels were acceptable. 
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Chapter 6  Conclusion 
 
6.2 Final Conclusion 
 
This project has assessed the use of Unmanned Aerial Vehicles (UAV’s) in carrying out 
photogrammetric surveys for topographical survey applications.  From the literature review it was 
evident that the accuracies associated with the technique was relatively unknown, in particular the 
accuracies of various surfaces.  The perception of UAV’s accuracies in engineering, construction, 
project management and GIS industries is particularly misguided with many overestimating the 
accuracies and suitability of UAV’s. 
 
This project has verified the suitability and accuracies associated with a low-cost UAV by carrying out 
a conventional survey and comparing the points and surfaces from this survey against the surface 
produced by the UAV survey.  Two sites were surveyed to capture many various surfaces from bitumen, 
gravel, vegetated area, sand and mud flat.  Data was captured by best practices from published and 
literature reviewed case studies, in particular survey control and GCP locations were surveyed by total 
station rather then the less accurate method of GPS which many other studies have done. 
 
Comparing results between the two surfaces showed that the accuracies vary depending on the surface 
being captured with an average of 38mm & 39mm’s below the UAV surface with however a wide range 
of surface error.  A questionnaire/interview with industry professionals confirmed the misconception 
of achievable accuracies by a UAV survey. 
 
Even though the surfaces resulted in larger errors then perceived by industry professionals survey they 
still found several uses for a UAV survey for all different surfaces categories, but this was largely 
dependent on the accuracies required for the task.  As a result, a low-cost UAV survey is suitable for 
various surveying applications if the accuracies required for the application are achievable. 
 
6.3 Further Research 
 
Further research could be carried out for surfaces different to the ones captured in this project, for 
example concrete, pavers or tailings material.  Another area of research would be to test these surfaces 
at different surface flying heights. 
The same process could also be carried out with other types of UAV’s and or other software packages 
to compare results.  
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Appendix A – Project Specifications 
ENG4111/4112 Research Project 
Project Specification 
For: Benjamin Cook 
Title: Suitability of low-cost UAVs in surveying applications 
Major: Surveying 
Supervisor: Dr. Xiaoye Liu 
Enrolment: ENG4111 – EXT S1, 2019 
  ENG4112 – EXT S2, 2019 
Project Aim: The aim of this project is to verify the suitability and accuracies associated with a low-
cost UAV surveying application, specifically a topographic survey. 
Programme: Version 1, 1st of March 2019 
1. Project Selection and Setup 
a. Obtain all resources 
b. Instrument calibration 
c. Select Sites 
2. Establish survey control network 
a. Setup survey control 
b. Survey Control Calculations 
3. Carry out conventional survey with Robotic Total Station 
a. Setup on survey control and observe check shots to adjoining control stations. 
b. Carry out detailed capture of site areas. 
4. Carry out the UAV survey of the sites 
a. Final stages of flight planning. 
b. Fly the UAV across the site. 
5. Data processing and analysis 
a. Download and process raw data. 
b. Analysis of data. 
6. Carry out questionnaire/interview of industry professionals 
a. Select candidates for questionnaire/interview. 
b. Carry out questionnaire/interview. 
c. Compile and assess results from questionnaire/interview. 
If time and resources permit: 
7. Carry out survey with high-cost UAV and compare results. 
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Appendix C – Robotic Total Station – Calibration Certificate 
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Appendix E – USQ Project – Site 1 – Balgal Beach – Site Aerial 
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Appendix F – USQ Project – Site 1 – Laudham Park – Site Aerial 
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Appendix H – Civil Package Checklist for two sites conventionally surveyed. 
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Appendix I – Drafting Checklist for two sites conventionally surveyed. 
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Appendix J –Conventionally survey deliverable for Balgal Beach Site. 
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Appendix K –Conventionally survey deliverable for Laudham Park Quarry Site. 
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Appendix L – Pix4D Quality Reports 
Pix4D Quality Report for Balgal Beach 
 
Generated with Pix4Dmapper version 4.4.12 
Important: Click on the different icons for: 
  
 Help to analyze the results in the Quality Report 
  
 Additional information about the sections 
 Click here for additional tips to analyze the Quality Report 
Summary  
Project Ben Cook Uni Project - Balgal Beach 60m 
Processed 2019-09-10 07:17:09 
Camera Model Name(s) FC6310R_8.8_5472x3648 (RGB) 
Average Ground Sampling Distance (GSD) 1.95 cm / 0.77 in 
Area Covered 0.036 km2 / 3.5713 ha / 0.01 sq. mi. / 8.8294 acres 
Quality Check  
 Images median of 30015 keypoints per image  
 Dataset 80 out of 80 images calibrated (100%), all images enabled  
 Camera Optimization 0.41% relative difference between initial and optimized internal camera parameters  
 Matching median of 12908.7 matches per calibrated image  
 Georeferencing yes, 5 GCPs (5 3D), mean RMS error = 0.007 m  
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Number of Calibrated Images 80 out of 80 
Number of Geolocated Images 80 out of 80 
 Initial Image Positions  
 
Figure 2: Top view of the initial image position. The green line follows the position of the 
images in time starting from the large blue dot. 
 
Calibration Details 
Computed Image/GCPs/Manual Tie Points Positions 
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Figure 3: Offset between initial (blue dots) and computed (green dots) image positions as well as the 
offset between the GCPs initial positions (blue crosses) and their computed positions (green crosses) 
in the top-view (XY plane), front-view (XZ plane), and side-view (YZ plane). Dark green ellipses 
indicate the absolute position uncertainty of the bundle block adjustment result. 
Absolute camera position and orientation uncertainties  
 X [m] Y [m] Z [m] Omega [degree] Phi [degree] Kappa [degree] 
Mean 0.003 0.003 0.029 0.002 0.002 0.001 
Sigma 0.000 0.000 0.000 0.000 0.000 0.000 
Overlap  
 
Uncertainty ellipses 1000x magnified 
Number of overlapping images: 1 2 3 4 5+ 
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Figure 4: Number of overlapping images computed for each pixel of the orthomosaic.  
Red and yellow areas indicate low overlap for which poor results may be generated. Green areas 
indicate an overlap of over 5 images for every pixel. Good quality results will be generated as long as 
the number of keypoint matches is also sufficient for these areas (see Figure 5 for keypoint matches). 
 
Number of 2D Keypoint Observations for Bundle Block Adjustment 1031687 
Number of 3D Points for Bundle Block Adjustment 316063 
Mean Reprojection Error [pixels] 0.141 
Internal Camera Parameters FC6310R_8.8_5472x3648 (RGB). Sensor 
Dimensions: 12.833 [mm] x 8.556 [mm]  


















































0.000 0.000 0.000 0.000 0.000 
 
The correlation between camera internal 
parameters determined by the bundle adjustment. 
White indicates a full correlation between the 
parameters, ie. any change in one can be fully 
compensated by the other. Black indicates that the 
parameter is completely independent, and is not 
affected by other parameters. 
F 
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Bundle Block Adjustment Details 
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 Number of 2D Keypoints per Image Number of Matched 2D Keypoints per Image 
Median 30015 12909 
Min 20063 2002 
Max 57381 26278 
Mean 36096 12896 
3D Points from 2D Keypoint Matches  
 Number of 3D Points Observed 
In 2 Images 187277 
In 3 Images 54439 
In 4 Images 25250 
In 5 Images 14314 
In 6 Images 9056 
In 7 Images 6106 
In 8 Images 4474 
In 9 Images 3303 
In 10 Images 2556 
In 11 Images 1971 
In 12 Images 1607 
In 13 Images 1196 
In 14 Images 1035 
In 15 Images 815 
In 16 Images 669 
In 17 Images 477 
In 18 Images 379 
In 19 Images 309 
In 20 Images 229 
In 21 Images 170 
In 22 Images 138 
In 23 Images 101 
In 24 Images 68 
In 25 Images 65 
In 26 Images 22 
The number of Automatic Tie Points (ATPs) per pixel, averaged over all images of the camera model,
is color coded between black and white. White indicates that, on average, more than 16 ATPs have
been extracted at the pixel location. Black indicates that, on average, 0 ATPs have been extracted at
the pixel location. Click on the image to the see the average direction and magnitude of the re- 
projection error for each pixel. Note that the vectors are scaled for better visualization. The scale bar
indicates the magnitude of 1 pixel error. 
2 D Keypoints Table 
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In 27 Images 26 
In 28 Images 8 
In 29 Images 1 
In 30 Images 1 
In 32 Images 1 
2D Keypoint Matches  
 
 
25 222 444 666 888 1111 1333 1555 1777 2000 
Figure 5: Computed image positions with links between matched images. The darkness of the links 
indicates the number of matched 2D keypoints between the images. Bright links indicate weak links 
and require manual tie points or more images. Dark green ellipses indicate the relative camera 
position uncertainty of the bundle block adjustment result. 
Relative camera position and orientation uncertainties  
Uncertainty ellipses 1000x magnified 
Number of matches 
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 X [m] Y [m] Z [m] Omega [degree] Phi [degree] Kappa [degree] 
Mean 0.003 0.003 0.004 0.008 0.010 0.001 
Sigma 0.001 0.001 0.002 0.005 0.005 0.000 
 
Ground Control Points  











1 (3D) 0.020/ 0.020 0.003 -0.005 -0.005 0.561 6 / 6 
2 (3D) 0.020/ 0.020 -0.000 -0.002 -0.016 0.423 7 / 7 
3 (3D) 0.020/ 0.020 0.002 0.002 -0.023 0.648 6 / 6 
4 (3D) 0.020/ 0.020 -0.001 -0.002 -0.005 0.616 8 / 8 
5 (3D) 0.020/ 0.020 -0.003 0.008 0.025 0.616 10 / 10 
Mean [m]  0.000192 0.000119 -
0.004810 
  
Sigma [m]  0.001982 0.004484 0.016689   
RMS Error [m]  0.001992 0.004485 0.017369   
Localisation accuracy per GCP and mean errors in the three coordinate directions. The last column 
counts the number of calibrated images where the GCP has been automatically verified vs. manually 
marked. 
Absolute Geolocation Variance  
Min Error [m] Max Error [m] Geolocation Error X [%] Geolocation Error Y [%] Geolocation Error Z [%] 
- -0.11 0.00 0.00 0.00 
-0.11 -0.09 0.00 0.00 0.00 
-0.09 -0.07 0.00 0.00 0.00 
-0.07 -0.05 0.00 0.00 0.00 
-0.05 -0.02 1.25 0.00 11.25 
-0.02 0.00 56.25 51.25 30.00 
0.00 0.02 40.00 47.50 57.50 
0.02 0.05 2.50 1.25 1.25 
0.05 0.07 0.00 0.00 0.00 
0.07 0.09 0.00 0.00 0.00 
0.09 0.11 0.00 0.00 0.00 
0.11 - 0.00 0.00 0.00 
Mean [m]  -0.031162 0.014797 0.181016 
Sigma [m]  0.009104 0.007517 0.015069 
Geolocation Details 




 0.032464 0.016597 0.181642 
Min Error and Max Error represent geolocation error intervals between -1.5 and 1.5 times the 
maximum accuracy of all the images. Columns X, Y, Z show the percentage of images with 
geolocation errors within the predefined error intervals. The geolocation error is the difference 
between the initial and computed image positions. Note that the image geolocation errors do not 
correspond to the accuracy of the observed 3D points. 
Geolocation Bias X Y Z 
Translation [m] -0.031224 0.014795 0.181132 
Bias between image initial and computed geolocation given in output coordinate system. 
Relative Geolocation Variance  
Relative Geolocation Error Images X [%] Images Y [%] Images Z [%] 
[-1.00, 1.00] 100.00 100.00 100.00 
[-2.00, 2.00] 100.00 100.00 100.00 
[-3.00, 3.00] 100.00 100.00 100.00 
Mean of Geolocation Accuracy [m] 0.031281 0.031281 0.072317 
Sigma of Geolocation Accuracy [m] 0.000175 0.000175 0.001134 
Images X, Y, Z represent the percentage of images with a relative geolocation error in X, Y, Z. 




Geolocation RMS error of the orientation angles given by the difference between the initial and 
computed image orientation angles.  
 
Hardware 
CPU: Intel(R) Core(TM) i9-9900KF CPU @ 
3.60GHz RAM: 64GB 
GPU: NVIDIA GeForce GTX 1660 Ti (Driver: 25.21.14.1967) 
Operating System Windows 10 Pro, 64-bit 
Coordinate Systems  
Image Coordinate System WGS 84 
Ground Control Point (GCP) Coordinate System WGS 84 / UTM zone 55S (+58.576m) 
Output Coordinate System WGS 84 / UTM zone 55S (+58.576m) 
Processing Options  
Detected Template    3D Maps 
Keypoints Image Scale Full, Image Scale: 1 
Advanced: Matching Image Pairs Aerial Grid or Corridor 
Initial Processing Details 
System Information 
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Advanced: Matching Strategy Use Geometrically Verified Matching: no 
Advanced: Keypoint Extraction Targeted Number of Keypoints: Automatic 
Advanced: Calibration 
Calibration Method: Standard 
Internal Parameters Optimization: All 
External Parameters Optimization: All 
Rematch: Auto, yes 
 
Processing Options  
Image Scale multiscale, 1/2 (Half image size, Default) 
Point Density High (Slow) 
Minimum Number of Matches 3 
3D Textured Mesh Generation yes 
3D Textured Mesh Settings: 
Resolution: Medium Resolution 
(default) Color Balancing: no 
LOD Generated: no 
Advanced: 3D Textured Mesh Settings Sample Density Divider: 1 
Advanced: Image Groups group1 
Advanced: Use Processing Area yes 
Advanced: Use Annotations yes 
Time for Point Cloud Densification 19m:12s 
Time for Point Cloud Classification NA 
Time for 3D Textured Mesh Generation 09m:54s 
 
Results  
Number of Generated Tiles 1 
Number of 3D Densified Points 29666910 
Average Density (per m3) 1714.62 
 
DSM and Orthomosaic Resolution 1 x GSD (1.95 [cm/pixel]) 
DSM Filters 
Noise Filtering: yes 
Surface Smoothing: yes, Type: Sharp 
Raster DSM 
Generated: yes 
Method: Inverse Distance Weighting 
Merge Tiles: yes 
Orthomosaic 
Generated: yes  
Merge Tiles: yes 
GeoTIFF Without Transparency: no 
Google Maps Tiles and KML: yes 
Time for DSM Generation 23m:27s 
Time for Orthomosaic Generation 07m:33s 
Point Cloud Densification details 
DSM, Orthomosaic and Index Details 
Processing Options 
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Time for DTM Generation 00s 
Time for Contour Lines Generation 00s 
Time for Reflectance Map Generation 00s 
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Pix4D Quality Report for Laudham Park 
 
Generated with Pix4Dmapper version 4.4.12 
Important: Click on the different icons for: 
  
 Help to analyze the results in the Quality Report 
  
 Additional information about the sections 
 Click here for additional tips to analyze the Quality Report 
Summary  
Project Laudham Park 60m 
Processed 2019-09-11 07:37:44 
Camera Model Name(s) FC6310R_8.8_5472x3648 (RGB) 
Average Ground Sampling Distance (GSD) 1.84 cm / 0.72 in 
Area Covered 0.059 km2 / 5.9466 ha / 0.02 sq. mi. / 14.7020 acres 
Quality Check  
 Images median of 41674 keypoints per image  




0.96% relative difference between initial and optimized internal camera parameters  
 Matching median of 20441.3 matches per calibrated image  
 Georeferencing yes, 5 GCPs (5 3D), mean RMS error = 0.005 m  
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Number of Calibrated Images 102 out of 102 
Number of Geolocated Images 102 out of 102 
Initial Image Positions  
 
Figure 2: Top view of the initial image position. The green line follows the position of the images in time starting from the 
large blue dot. 
 
Calibration Details 
Computed Image/GCPs/Manual Tie Points Positions 
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Figure 3: Offset between initial (blue dots) and computed (green dots) image positions as well as the offset between the GCPs initial 
positions (blue crosses) and their computed positions (green crosses) in the top-view (XY plane), front-view (XZ plane), and side-view 
(YZ plane). Dark green ellipses indicate the absolute position uncertainty of the bundle block adjustment result. 
Absolute camera position and orientation uncertainties  
 X [m] Y [m] Z [m] Omega [degree] Phi [degree] Kappa [degree] 
Mean 0.006 0.005 0.072 0.005 0.005 0.001 






Figure 4: Number of overlapping images computed for each pixel of the orthomosaic.  
Uncertainty ellipses 500x magnified 
Number of overlapping images: 1 2 3 4 5+ 
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Red and yellow areas indicate low overlap for which poor results may be generated. Green areas indicate an overlap of over 5 images 
for every pixel. Good quality results will be generated as long as the number of keypoint matches is also sufficient for these areas (see 
Figure 5 for keypoint matches). 
 
Number of 2D Keypoint Observations for Bundle Block Adjustment 2151699 
Number of 3D Points for Bundle Block Adjustment 631299 
Mean Reprojection Error [pixels] 0.132 
Internal Camera Parameters FC6310R_8.8_5472x3648 (RGB). Sensor 
Dimensions: 12.833 [mm] x 8.556 [mm]  


















































0.001 0.001 0.000 0.000 0.000 
 
The correlation between camera internal 
parameters determined by the bundle adjustment. 
White indicates a full correlation between the 
parameters, ie. any change in one can be fully 
compensated by the other. Black indicates that the 
parameter is completely independent, and is not 
affected by other parameters. 
F 
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Bundle Block Adjustment Details 
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 Number of 2D Keypoints per Image Number of Matched 2D Keypoints per Image 
Median 41674 20441 
Min 20204 9109 
Max 61115 35395 
Mean 40422 21095 
3D Points from 2D Keypoint Matches  
 Number of 3D Points Observed 
In 2 Images 360975 
In 3 Images 110073 
In 4 Images 51592 
In 5 Images 29572 
In 6 Images 19464 
In 7 Images 13267 
In 8 Images 9823 
In 9 Images 7830 
 
In 10 Images 5983 
In 11 Images 4851 
In 12 Images 3897 
In 13 Images 2894 
In 14 Images 2368 
In 15 Images 1880 
In 16 Images 1543 
In 17 Images 1266 
In 18 Images 1063 
In 19 Images 833 
In 20 Images 635 
In 21 Images 492 
In 22 Images 390 
In 23 Images 214 
In 24 Images 145 
In 25 Images 113 
In 26 Images 64 
In 27 Images 40 
The number of Automatic Tie Points (ATPs) per pixel, averaged over all images of the camera model,
is color coded between black and white. White indicates that, on average, more than 16 ATPs have
been extracted at the pixel location. Black indicates that, on average, 0 ATPs have been extracted at
the pixel location. Click on the image to the see the average direction and magnitude of the re- 
projection error for each pixel. Note that the vectors are scaled for better visualization. The scale bar
indicates the magnitude of 1 pixel error. 
2 D Keypoints Table 
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In 28 Images 21 
In 29 Images 6 
In 30 Images 5 
 
 
Number of matches 
25 222 444 666 888 1111 1333 1555 1777 2000 
Figure 5: Computed image positions with links between matched images. The darkness of the links indicates the number of matched 
2D keypoints between the images. Bright links indicate weak links and require manual tie points or more images. Dark green ellipses 
indicate the relative camera position uncertainty of the bundle block adjustment result. 
Relative camera position and orientation uncertainties  
 X [m] Y [m] Z [m] Omega [degree] Phi [degree] Kappa [degree] 
Mean 0.002 0.002 0.007 0.013 0.012 0.001 
Sigma 0.000 0.000 0.004 0.008 0.007 0.000 
2 D Keypoint Matches 
Uncertainty ellipses 1000x magnified 
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Geolocation Details 
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Ground Control Points  











1 (3D) 0.020/ 0.020 0.002 0.000 -0.011 0.681 11 / 11 
2 (3D) 0.020/ 0.020 -0.005 -0.005 0.012 0.632 6 / 6 
3 (3D) 0.020/ 0.020 -0.003 0.002 0.001 0.429 5 / 5 
4 (3D) 0.020/ 0.020 -0.001 0.004 0.009 0.405 5 / 5 
5 (3D) 0.020/ 0.020 0.007 -0.001 0.013 0.361 5 / 5 
Mean [m]  -
0.000053 
0.000046 0.004939   
Sigma [m]  0.004280 0.002894 0.008787   
RMS Error 
[m] 
 0.004280 0.002894 0.010080   
Localisation accuracy per GCP and mean errors in the three coordinate directions. The last column counts the number of calibrated 
images where the GCP has been automatically verified vs. manually marked. 
Absolute Geolocation Variance  
Min Error [m] Max Error [m] Geolocation Error X [%] Geolocation Error Y [%] Geolocation Error Z [%] 
- -4.07 0.00 0.00 0.00 
-4.07 -3.26 0.00 0.00 0.00 
-3.26 -2.44 0.00 0.00 0.00 
-2.44 -1.63 0.00 0.00 3.92 
-1.63 -0.81 0.00 0.00 5.88 
-0.81 0.00 48.04 52.94 37.25 
0.00 0.81 51.96 47.06 44.12 
0.81 1.63 0.00 0.00 8.82 
1.63 2.44 0.00 0.00 0.00 
2.44 3.26 0.00 0.00 0.00 
3.26 4.07 0.00 0.00 0.00 
4.07 - 0.00 0.00 0.00 
Mean [m]  0.212362 1.341340 -0.671253 
Sigma [m]  0.325640 0.167202 0.713296 
RMS Error 
[m] 
 0.388766 1.351721 0.979475 
Min Error and Max Error represent geolocation error intervals between -1.5 and 1.5 times the maximum accuracy of all the images. 
Columns X, Y, Z show the percentage of images with geolocation errors within the predefined error intervals. The geolocation error is 
the difference between the initial and computed image positions. Note that the image geolocation errors do not correspond to the 
accuracy of the observed 3D points. 
Translation [m] 0.210401 1.342097 -0.673638 
Bias between image initial and computed geolocation given in output coordinate system. 
Relative Geolocation Variance  
Relative Geolocation Error Images X [%] Images Y [%] Images Z [%] 
Geolocation Bias X Y Z 
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[-1.00, 1.00] 100.00 100.00 100.00 
[-2.00, 2.00] 100.00 100.00 100.00 
[-3.00, 3.00] 100.00 100.00 100.00 
Mean of Geolocation Accuracy [m] 1.095786 1.095786 2.585190 
Sigma of Geolocation Accuracy [m] 0.017015 0.017015 0.059869 
Images X, Y, Z represent the percentage of images with a relative geolocation error in X, Y, Z. 




Geolocation RMS error of the orientation angles given by the difference between the initial and computed image 
orientation angles.  
 
Hardware 
CPU: Intel(R) Core(TM) i9-9900KF CPU @ 
3.60GHz RAM: 64GB 
GPU: NVIDIA GeForce GTX 1660 Ti (Driver: 25.21.14.1967) 
Operating System Windows 10 Pro, 64-bit 
Coordinate Systems  
Image Coordinate System WGS 84 
Ground Control Point (GCP) Coordinate System WGS 84 / UTM zone 55S (+58.101m) 
Output Coordinate System WGS 84 / UTM zone 55S (+58.101m) 
Processing Options  
Detected Template    Used for Shalom* 
Keypoints Image Scale Full, Image Scale: 1 
Advanced: Matching Image Pairs Aerial Grid or Corridor 
Advanced: Matching Strategy Use Geometrically Verified Matching: no 
Advanced: Keypoint Extraction Targeted Number of Keypoints: Automatic 
Advanced: Calibration 
Calibration Method: Standard 
Internal Parameters Optimization: All 
External Parameters Optimization: All 









Initial Processing Details 
System Information 
Page 114 of 131 
 
Appendix M – UAV survey deliverable for Balgal Beach Site 
 
Page 115 of 131 
 
Appendix N – UAV survey deliverable for Laudham Park Site 
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Appendix P – Comparison Points between Conventional Survey and UAV Survey for Laudham Park 
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Appendix Q – Beach profile showing height differences between surveys. 
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Appendix R – Heat Map between Conventional Survey and UAV Survey for Balgal Beach Site 
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Appendix S – Heat Map between Conventional Survey and UAV Survey for Laudham Park Quarry Site 
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